Rigid spine muscular dystrophy and the classical form of multiminicore disease are caused by mutations in SEPN1 gene, leading to a new clinical entity referred to as SEPN1-related myopathy. SEPN1 codes for selenoprotein N, a new member of the selenoprotein family, the function of which is still unknown. In a previous study, two isoforms were deduced from SEPN1 transcript analyses. Using polyclonal antibodies directed against SEPN1 and cDNA constructs encoding for the two isoforms, we show that the main SEPN1 gene product corresponds to a 70 kDa protein, containing a single selenocysteine residue. Subcellular fractionation experiments and endoglycosidase H sensitivity indicate that SEPN1 is a glycoprotein-localized within the endoplasmic reticulum. Immunofluorescence analyses confirm this subcellular localization and green fluorescent protein fusion experiments demonstrate the presence of an endoplasmic reticulumaddressing and -retention signal within the N-terminus. SEPN1 is present at a high level in several human fetal tissues and at a lower level in adult ones, including skeletal muscle. Its high expression in cultured myoblasts is also down-regulated in differentiating myotubes, suggesting a role for SEPN1 in early development and in cell proliferation or regeneration.
INTRODUCTION
Recently, we identified mutations in SEPN1 by two independent genetic studies performed on informative families presenting with recessive muscular disorders (1) . The probands were assigned either to a class of congenital muscular dystrophy called rigid spine muscular dystrophy (RSMD) (1) or to a congenital myopathy, the 'classical form' of multiminicore Disease (MmD) (2) . From these studies, a new entity referred to as SEPN1-related myopathy was defined. It is characterized by an early onset of hypotonia and weakness, with predominant axial muscle impairment leading to life-threatening respiratory failure and scoliosis. A variable degree of spinal rigidity was observed in most of the patients. In contrast, the morphological features of the muscle biopsies were rather heterogeneous. Most of them exhibited myopathic changes with variation in fiber size, a limited increase in connective tissue and the presence of multiple, poorly circumscribed, short-length areas of sarcomere disorganization and mitochondria depletion known as minicores. Only some of the biopsies displayed a typical dystrophic pattern, with necrosis and regeneration of muscle fibers, and severe endomysial fibrosis. Other patient biopsies had an intermediate pattern combining morphological characteristics of both groups (2) . All the biopsies exhibited a type I fiber predominance.
Selenoprotein N (SEPNl) is the first selenoprotein shown to be responsible for a genetic disorder (1, 2) . This protein, identified by Lescure et al. (3) contains a selenium atom in the form of a selenocysteine residue, which is characteristic of the selenoprotein family (see 4 for review). Incorporation of this amino acid occurs at a redefined UGA codon and requires the involvement of a stemloop structure formed by the SECIS sequence (for selenocysteine insertion sequence) located in the 3 0 -UTR of selenoprotein mRNA (5, 6) . The function of several selenoproteins has been identified: they are all enzymes involved in oxidation-reduction reactions with the selenocysteine residue located in the catalytic center. Indeed the selenol group, ionized at physiological pH, confers more reactivity than the thiol group of cysteine. Although analyses of the amino acid sequence of SEPN1 have revealed a calciumbinding site and a motif similar to that observed in the catalytic site of thioredoxin reductases, another selenoprotein subgroup (7) , no function has been assigned to SEPN1 yet.
In a previous study, we established the structure of the human SEPN1 gene, which contains 13 exons spanning 18.5 kb (1). It produces a 4.5 kb transcript with an open reading frame of 1770 nucleotides encoding a 590 amino acid protein. Two isoforms of the SEPN1 gene product were predicted from EST database query and RT-PCR experiments (1) . Isoform 1 corresponds to the full-length transcript, whereas exon 3 is spliced out in isoform 2. Both transcripts are detected in skeletal muscle, brain, lung and placenta, with isoform 2 being the predominant transcript. The exon 3 sequence corresponds to an alu cassette and contains a second potential in-frame selenocysteine codon.
In this study, we describe the first characterization and localization of the SEPN1 gene product. With this aim, we developed polyclonal antibodies directed against either the central domain or the C-terminus of SEPN1. We show that a single protein of 70 kDa is detected, and corresponds to the isoform 2 transcript expression. Further experiments demonstrate that SEPN1 is an integral membrane glycoprotein, which localizes in the endoplasmic reticulum. Finally, analyses of the protein distribution reveal a strong expression in fetal tissues and proliferating cells. These results raise the possible involvement of SEPN1 in early muscle formation, in agreement with the clinical features of patients presenting SEPN1-related myopathy.
RESULTS
The major SEPN1 gene product is a 70 kDa protein Two polyclonal antisera were raised against two distinct synthetic peptides corresponding to the common C-terminal region encoded by both SEPN1 transcripts (Fig. 1 ). They were purified by affinity chromatography, using the immunogenic peptide for antibody 137 or a larger C-terminal region for antibody 143. The specificity of antibodies was first verified by western blot analysis of fibroblasts from controls and RSMD1 patients. A single band of $70 kDa was revealed with antibodies 137 (Fig. 2A, lane 1 ) and 143 (data not shown). SEPN1 was weakly expressed in HeLa cells (Fig. 2A, lane 3) . The 70 kDa band was not detected in fibroblast extracts from a patient with a homozygous 1 bp deletion at position 1446 resulting in a frameshift in SEPN1 at position L482 ( Fig. 2A , lane 2). To determine which isoform is expressed, cDNAs encoding both isoforms were transfected into HeLa cells and the cell extracts subjected to western blot analysis. The HeLa endogenous SEPN1 protein was no longer detected due to the decreased amounts of total proteins which were applied ( Fig. 2A, lane 4) . Antibody 137 revealed a strong signal at 70 kDa in cells transfected with pXJSelN6 expressing isoform 2, which lacks exon 3 ( Fig. 2A, lane 6) . However, no signal could be detected in cells transfected with pXJSelN7 expressing the full-length isoform 1 ( Fig. 2A, lane 5) . The same transfection lysates were subjected to immunoblotting with antibody 168, raised against a central domain of SEPN1 (Fig. 2B) . No signal could be seen in cells transfected with pXJSelN7, whereas two bands of 70 and 60 kDa were observed in cells transfected with pXJSelN6 (Fig. 2B, lane 6) . Since the 60 kDa band was not detected with antibody 137, directed against the C-terminal region, this polypeptide is likely to arise from a premature termination of translation at the UGA selenocysteine codon. Such a phenomenon has been reported in previous studies (3, 8) and may be attributed to saturation of the selenoprotein translation machinery under mRNA overexpression conditions. We were unable to detect the endogenous SEPN1 in fibroblasts and HeLa cells with antibody 168. As this antibody was generated from a larger protein domain, it may interact with a structural epitope, making the recognition more dependent on the correct folding of the protein.
Altogether, the results indicate that the major SEPN1 gene product is a 70 kDa protein containing a single selenocysteine residue.
SEPN1 localizes in the endoplasmic reticulum
To gain insight into the localization of SEPN1, subcellular fractionation was performed on control fibroblast cultures. The protocol used allows the enrichment of nuclei in the P1 pellet, mitochondria in the P2 pellet, Golgi membranes in the P3 pellet, and endoplasmic reticulum in the P4 pellet (9) . The final S4 supernatant contains the soluble cytosolic proteins. The fractions were analysed by SDS-PAGE and immunoblotted with the purified 137 antiserum (Fig. 3A) . The SEPN1 protein was detected in the crude homogenate and in the four pellets, but not in the final S4 supernatant. The quality of the fractionation was controlled by the application of various antibodies raised against other compartment-specific marker proteins: emerin, a transmembrane protein of the nuclear envelope; hsp60, a mitochondrial protein; calnexin, a transmembrane protein of the endoplasmic reticulum (ER); and p23, a protein of the cis-Golgi. SEPN1 displayed a distribution similar to calnexin, as well as a co-sedimentation with p23 in the P3 and P4 fractions, suggesting an ER and/or Golgi localization.
To distinguish between these two possibilities, a purification of the rough endoplasmic reticulum (RER) compartment was performed using a simple sucrose density barrier method (9) . The western blot analysis revealed the presence of SEPN1 in the RER (Fig. 3B ). Subsequent immunoblotting with the compartment-specific markers calnexin and p23 confirmed the RER enrichment and the lack of Golgi contamination in this fraction.
To further confirm the ER localization, immunofluorescence assays were performed on fixed cells. Since our polyclonal antibodies were not sensitive enough to detect SEPN1 in normal cells, the construct pXJSelN6cys encoding SEPN1 was transfected into HeLa cells to transiently overexpress the protein. To increase SEPN1 expression and to avoid translation of the truncated SEPN1 form, the TGA codon was mutated to TGC allowing cysteine instead of selenocysteine incorporation at position 427. Expression of a 70 kDa protein product was verified by western blot analysis (data not shown). A positive staining by SEPN1 antibodies was observed in a fine reticular cytoplasmic and perinuclear pattern consistent with expression in the ER. The double-staining with specific markers of endoplasmic reticulum, mitochondria and golgi apparatus confirmed the ER localization (Fig. 4A) . No fluorescence was visible in the plasma membrane.
The endoplasmic reticulum addressing and retention signal is located at the N-terminus of the protein Examination of the N-terminal SEPN1 sequence revealed the presence of two potential ER targeting signals within exon 1: a di-arginine motif at positions 3 and 5, previously characterized as the ER targeting motif of the Iip33 protein (10) , and a stretch of hydrophobic amino acids (from L30 to V49) similar to the ER addressing and retention signal of the microsomal cytochrome P450 (11) . To verify whether exon 1 contains effective signals, the construct pXJSelN6cysDex1 encoding the cysteine-modified SEPN1, but lacking the first 61 amino acids corresponding to exon 1, was transfected into HeLa cells. The corresponding expression product was stable and exhibited the expected molecular weight (data not shown). This N-terminal-truncated SEPN1 form displayed a different localization and was then accumulated within the nucleus, suggesting that a major ER addressing signal is located within the first exon (Fig. 4B , a-c). This latter finding was confirmed by the fusion of several SEPN1 N-terminal regions of increasing lengths upstream of the green fluorescent protein (GFP). The subcellular localization of the fusion proteins expressed in the HeLa cells was determined by virtue of the GFP fluorescence. An ER localization was observed with the constructs carrying either the first exon ( 
SEPN1 is an integral membrane glycoprotein
In accordance with the above results, the topology predictions on SEPN1 amino acid sequence suggested the presence of one, two or three transmembrane domains (HMMTOP, TMHMM, TEMpred available at the ExPASy Molecular Biology Server: www.expasy.ch; Fig. 1 ). An experimental confirmation of SEPN1 association with the membrane was provided by a solubilization protocol in which microsomal-enriched fractions from fibroblasts were incubated with carbonate and Triton X-100. Western blot analysis showed that SEPN1 was not extracted by carbonate and only poorly solubilized by Triton X-100 treatment, indicating protein insertion into the membrane (Fig. 5A ). By comparison calnexin, which was also retained in the pellet after carbonate incubation, was almost completely solubilized by detergent treatment. A behavior similar to SEPN1 has already been observed for WFS1, another ER integral membrane protein (12) , which displayed a poor solubilization even after incubation with 1% Triton.
In addition, four putative N-glycosylation sites were predicted in the SEPN1 amino acid sequence at positions 155, 448, 470 and 496 (ScanProsite) (Fig. 1) . To confirm the glycosylation status of SEPN1, microsomal fractions from fibroblast extracts were treated with N-glycosidase F (Fig. 5B,  lane 2) . The treatment led to an increased electrophoretic mobility of SEPN1 in the immunoblot analysis, confirming the presence of N-glycosylation sites. Secondly, the extract was digested with endoglycosidase H. All high-mannose oligosaccharides of glycoproteins are cleaved by this enzyme, but acquire resistance to this treatment once modified during trafficking through the Golgi apparatus (13). The endoglycosidase H sensitivity observed in the immunoblot (Fig. 5B , lane 3) is in agreement with the localization of SEPN1 in the ER. The sensitivity to both enzymes was also observed for the endogenous SEPN1 from fetal skeletal muscle (Fig. 5B , lanes 4-6) and for overexpressed cysteine-modified protein (data not shown).
SEPN1 is mostly expressed in fetal tissues and dividing cells
The specific expression of SEPN1 was investigated in several human tissues. Western blot experiments showed a lower expression of SEPN1 in most adult tissues, including skeletal muscle (Fig. 6A, lanes 1-5) , compared to the strong signal detected in all fetal tissues (Fig. 6A, lanes 6-9) . The decrease in SEPN1 expression from fetal to adult tissues prompted us to analyse SEPN1 expression during myotube maturation in vitro. Human myoblast cultures were switched into a fusion medium, inducing their differentiation and maturation into myotubes, and collected 1, 3, 5 and 7 days following the medium change. Immunoblotting confirmed a progressive decrease in the level of SEPN1 as the myoblasts fused to become differentiated myotubes (Fig. 7, lanes 2-6) . Increasing expression of the fast myosin heavy chain depicted the differentiation process.
DISCUSSION
We recently demonstrated the implication of the gene encoding selenoprotein N (SEPN1) in congenital muscular dystrophy with rigid spine syndrome and in the 'classical' form of multiminicore disease (1, 2) . The same SEPN1 homozygous mutations have been described in the two groups of patients, suggesting that these entities usually defined by clinical and morphological features, are in fact the same disease now called SEPN1-related myopathy (2) . SEPN1 was first identified as a new member of the selenoprotein family (3), but data concerning the protein were rather scarce and no function has yet been ascribed to SEPN1.
To obtain further information, we performed biochemical and cellular characterization using newly developed antibodies. Although two transcripts were detected by RT-PCR experiments, in all the tissues and cell types analysed only one protein of 70 kDa could be revealed with the three antibodies raised against different parts of SEPN1. The observed molecular mass corresponds to the translation product of isoform 2 cDNA, lacking the third exon. In addition, SEPN1 treatment with N-glycosidase F or endoglycosidase H gave rise to a 62 kDa product, which corresponds to the predictive molecular mass of isoform 2. No expression of isoform 1 was obtained by transfection of the full-length cDNA. Therefore, it seems that the additional in-frame UGA codon present in the alternatively spliced exon is recognized as a real stop codon. It should be noted that exon 3 is absent in the genomic sequence of mouse SEPN1 (A. Lescure, M. Rederstorff and A. Krol, unpublished results). In view of these experiments, we conclude that the SEPN1 gene product is a 70 kDa glycosylated protein, containing a single selenocysteine residue.
Subcellular fractionation experiments carried out on fibroblasts and immunofluorescence analysis of transfected cells overexpressing SEPN1 indicate that SEPN1 is an endoplasmic reticulum resident protein. In agreement with this observation, SEPN1 extracted from fibroblasts and fetal muscle, was shown to be sensitive to endoglycosidase H. The rules governing the ER localization of proteins are not fully understood. Nevertheless, some specific targeting signals have been described (reviewed in 14). SEPN1-GFP fusion experiments demonstrated that the first exon is sufficient to address and retain the protein within the ER compartment. The first exon contains two predicted signals consisting in two N-terminal arginine residues at positions 3 and 5 (10), and an hydrophobic sequence located between positions 30 and 49, predicted as part of a transmembrane domain (11) . Additional transfection experiments with disruption or mutation in the hydrophobic stretch and dibasic motif have to be performed in order to identify the sequence involved. The ER localization of SEPN1 suggests possible roles of this protein in membrane trafficking, 1 and 2) . In cell lysates expressing SEPN1 isoform 2 (lane 3), the antibody 168 revealed the 70 kDa product and an additional band of 60 kDa.
protein processing and/or regulation of ER calcium homeostasis, the latter being especially important for the muscular function (15) .
The overall biochemical experiments provide some clues to the topology of the protein. It emerges that SEPN1 is a transmembrane protein, with a striking insertion into the membrane, as illustrated by its poor solubilization in a detergent such as Triton. This result prompts us to hypothesize that SEPN1 may be a part of an integral protein complex. Moreover, the presence of the di-arginine motif suggests the hypothesis that the N-terminus of SEPN1 is cytoplasmic. However, the exact topology as well as the number of transmembrane domains remain to be elucidated.
Northern blot experiments have previously shown that SEPN1 transcripts are distributed in the majority of adult tissues (3). The present study demonstrates that the protein accumulates much less in the adult than in fetal samples, which display a stronger expression level in all the tissues analysed. Additionally, the level of SEPN1 appears to decline abruptly during myotube formation. Thus, SEPN1 seems to be preferentially expressed in proliferating cells or growing tissues. Examination of SEPN1 expression patterns during development by in situ hybridization in a zebrafish embryo revealed that SEPN1 transcripts were first detected in the antero-posterior axis and the notochord, a precursor of the spine, and then in the somites, from which the skeletal muscles arise. At later stages, SEPN1 was more uniformly expressed in all tissues (16) . A putative involvement of SEPN1 in early muscle formation is in agreement with the onset of the congenital muscular disease caused by mutations in SEPN1. Indeed, most of the patients present hypotonia at birth with marked neck weakness and a delayed motor development. Besides, SEPN1 expressed at a basal level in post-natal tissues may play a role in muscle cell function and/or regeneration.
In conclusion, this study provides the first characterization of selenoprotein N as an integral membrane glycoprotein of the endoplasmic reticulum. Further analyses need to be performed to elucidate its cellular functions. The discovery of its role should help to understand better the mechanisms underlying the emergence of the disease and open the way to possible therapy. Although SEPN1 is faintly detectable in muscle tissue, the antibodies developed for this project could constitute useful diagnosis tools on patient skin fibroblasts and help the classification of atypical patients into SEPN1-related myopathy group.
MATERIALS AND METHODS

Antibodies
Two rabbit polyclonal antibodies (137 and 143) directed against two synthetic peptides (KEGLRRGLPLLQP and KPEEI-ESNLFSFS, Eurogentec) of the C-terminal region of SEPN1 were generated. Antibody 137 was affinity-purified with the immunization peptide covalently bound to an Affi-Gel 10 column (BioRad). Antibody 143 was immunopurified using a recombinant polypeptide protein encompassing the C-terminal 116 residues of SEPN1. To this end, the 412bp cDNA sequence, corresponding to the 348 bp at the 3 0 end of the SEPN1 coding sequence plus 64 bp of the 3 0 -UTR, was cloned into the pQE-31 expression vector (QIAexpress Kit, Qiagen). E. coli M15 was transfected with this construct and the Histagged expression product was purified using a Ni-NTA column. The purified product was then covalently linked to a CNBr-activated Sepharose column to perform affinity chromatography with the polyclonal antibody 143.
A rabbit polyclonal antibody (168) was raised against a 34 kDa recombinant protein, which corresponds to central domain of selenoprotein N (residues 85-427). To this end, a His-tagged polypeptide was produced from a 1029 bp cDNA fragment of SEPN1 isoform 2, cloned into the bacterial In the absence of the first exon, the protein is mistargeted into the nucleus (a). In a second experiment, SEPN1 exon 1 was fused to GFP in construct pXJex1GFP and transfected into the HeLa cells (d, e and f ). pXJGFP, which expressed GFP alone, was transfected as a control (g, h and i). GFP autofluorescence was directly observable (d and g). Fixed and permeabilized cells were stained with anti-BiP antibody (e and h). ER localization of exon 1-GFP product demonstrated that a motif within SEPN1 exon 1 is sufficient to induce ER addressing and retention. expression vector pQE-32 (Qiagen), purified and injected into rabbits. The serum was purified by affinity chromatography on a CNBr-activated Sepharose column substituted with the polypeptide used for immunization.
Monoclonal antibodies against hsp60 (H4149), emerin (4G5) and fast myosin heavy chain (MF20) were purchased from Sigma, Novocastra Laboratories and ATCC, respectively. AntiGolgi p23 polyclonal antibody was a gift from Dr M. Rojo (17) . The polyclonal antibodies against calnexin (SPA860) and desmin (D8281) were purchased at Stressgen and Sigma, respectively. Three peroxidase-conjugated secondary antibodies were used: goat anti-rabbit from Biorad (170-6515) and from DAKO (P 0448), and a goat anti-mouse (P 0447) from DAKO.
Plasmid constructions
To perform GFP fusion with different N-terminal parts of selenoprotein N, SEPN1 cDNA fragments were amplified with oligonucleotides introducing Sma1 and Kpn1 restriction sites at the 5 0 and 3 0 ends, respectively. The forward primer used to amplify all fragments is 5 0 -ccccgctctttcgcttccc-3 0 . The reverse primers are 5 0 -ggtacccagggtcttcagcgccagttc-3 0 for exon 1, 5 0 -ggtacctagcttctcagcaatgggtttga-3 0 for exons 1 and 2, 5 0 -ggtaccgccatctttgctcttggtcat-3 0 for exons 1, 2 and 4 or 1, 2, 3 and 4. The amplified fragments were purified and recovered by gel excision using Nucleospin Extract (Macherey-Nagel) and inserted into the pGEM-T easy vector (Promega) for sequencing. They were then sub-cloned into the expression vector pXJ GFP C-term using the added restriction site, yielding the pXJex1GFP, pXJex1-2GFP, pXJex1-2-4GFP and pXJex1-2-3-4GFP constructs. Beforehand, the pXJ GFP C-term vector had been obtained as follows: the coding sequence of the alpha GFP cycle 3 mutant (Maxygen) was PCR amplified with forward 5 0 -ggtaccgctagcaaaggagaagaac-3 0 and reverse 5 0 -agatctttatttgtagagctcatc-3 0 primers, which introduced a KpnI and a BglII site at the 5 0 and 3 0 ends, respectively, and the resulting 728 bp KpnI-BglII fragment was sub-cloned into the eukaryotic expression vector pXJ41 (a gift from P. Chambon).
In order to reconstitute full-size cDNAs for SEPN1, a 363 bp SacI-SacII fragment encompassing exon 1, 2 and 4 of SEPN1 was introduced upstream of pSelN, a partial cDNA containing the coding sequence downstream of exon 4 in pBluescript SK(À) (3) to yield pSelN6. Alternatively, a 468 bp SacII-SacII fragment containing exon 1, 2, 3 and 4 of SEPN1 was cloned upstream of pSe1N to give rise to pSelN7. Subsequently, a 4257 bp EcoRI-XhoI fragment from pSelN6, or a 4362 bp EcoRI-XhoI fragment from pSelN7, was cloned into pXJ41, yielding pXJSelN6 or pXJSelN7, respectively. Deletion of exon 1 in pXJSelN6 was achieved by site directed mutagenesis using oligonucleotide 5 0 -ccagccgcagccatgggcctggcgctgaagaacctg-3 0 to yield pXJSelN6Dex1. In pSelN, the selenocysteine codon TGA was mutated to a TGC cysteine codon by site-directed mutagenesis using oligonucleotide 5 0 -cagtcctgctgcggttcagggc-3 0 . The 2127 BamHI fragment containing the TGC codon was substituted for the corresponding fragment into pXJSelN6 or pXJSelN6Dex1 to yield pXJSelN6cys and pXJSelN6cysDex1. 5) and fetal (lanes 6 and 7) tissues (40 mg) were subjected to SDS-PAGE: liver (lanes 1 and 6), brain (lane 2), heart (lanes 3 and 8), diaphragm (lane 4), skeletal muscle (lanes 5 and 9) and stomach (lane 7). SEPN1 detection was carried out using with antibody 137 (A). An anti-emerin antibody was used as a standard (B).
Cell cultures
Human fibroblasts were cultured from control skin biopsies from a 10-week-old embryo, a 9-year-old child, a 38-year-old adult and from an RSMD1 patient with the homozygous SEPN1 mutation 1446delC, resulting in a frameshift at residue L482 (1).
Fibroblasts were grown in DMEM (Dulbecco's modified Eagle's medium, Life Technologies) supplemented with 10% fetal calf serum (Life Technologies), 20 U/ml streptomycin and penicillin at 37 C in a humidified atmosphere with 5% CO 2 . Control human myoblasts were grown in Ham's NutrientMix-F-10 (Life Technologies) supplemented with 20% fetal calf serum (Life Technologies), 20 U/ml streptomycin and penicillin at 37 C in a humidified atmosphere with 5% CO 2 . For differentiation of myoblasts into myotubes, confluent cultures were switched into fusion medium DMEM supplemented with 10 mg/ml insulin and 100 mg/ml transferrin, 20 U/ml streptomycin and penicillin as described in Edom et al. (18) . Cells were collected either prior to, or 1, 3, 5 and 7 days after incubation in a differentiation medium.
HeLa cells (ATCC) were cultured in DMEM, supplemented with 10% heat-inactivated fetal calf serum. 20 U/ml streptomycin and penicillin at 37 C in a humidified atmosphere with 5% CO 2 .
Transfection protocol
HeLa cells were grown on coverslips in 35 mm tissue culture plates in a growth medium. At 70-80% culture confluence, cells were transfected with 0.4 mg of pXJSelN6cys or pXJSelN6cysDex1 with Lipofectamine TM Reagent (Invitrogen) according to the manufacturer's instructions. In another set of experiments, HeLa cells were transfected by calcium phosphate precipitation with 0.3 mg pXJGFP, pXJex1GFP, pXJex1-2GFP, pXJex1-2-4GFP or pXJex1-2-3-4GFP, as described by Jordan et al. (19) .
Protein extraction and glycosylation analysis
Tissue or cell proteins were extracted by homogenization in a buffer containing 80 mM Tris-HCl pH 6.8/10% SDS/0.12 M sucrose/10 mM EDTA/1 mM PMSF/1 mM benzamidine. The homogenate was incubated for 10 min at 55 C, centrifuged at 300g for 5 min. The protein concentration was determined on the supernatant using the BCA protein Assay (Pierce Chemical Company, Rockford, IL, USA). For glycosylation analysis, protein samples (20-25 mg) were digested for 2 h at 37 C with 12 units of N-glycosidase F (Roche) or overnight with 0.05 units of endoglycosidase H (Roche) according to the manufacturer's instructions.
Subcellular fractionation
Fibroblast extracts were fractionated by differential centrifugations based on a protocol described by Graham (9) . Cells were homogenized in 0.25 M sucrose/5 mM Tris-HCl pH 7.4/2 mM and disrupted mechanically by 40 passages through a 22 gauge needle (Terumo 0.7 Â 30/22Gx11/4/Nr12). Cell lysis was checked by Trypan blue staining. The homogenate (H) was centrifuged at 1000g for 10 min (Sigma, 12024-H) to yield S1 and P1. The S1 supernatant was centrifuged at 3000g for 10 min (Sigma, 12024-H) to yield S2 and P2. Pellets P1 and P2 were washed once by resuspension in homogenization buffer, repelleted by centrifugation as before, and resuspended in small volumes of homogenization buffer. The presence of nuclei was checked by Giemsa staining on fractions H, P1 and S1. The S2 supernatant was centrifuged at 10 000g for 20 min (Sigma, 12024-H) and the resulting S3 supernatant was centrifuged at 90 000g for 40 min (Beckman, TLA 45) to yield S4 and P4. Pellets P3 and P4 were resuspended in small volumes of homogenization buffer.
For rough endoplasmic reticulum (RER) purification, cells were processed as above except that the second step (3000g for 10 min) was omitted. The S1 supernatant was directly centrifuged at 10 000g for 20 min (Sigma, 12024-H). The resulting S3 supernatant was overlaid onto a discontinuous sucrose gradient containing 1.3 M Sucrose, 5 mM Tris-HCl pH 8, 15 mM CsCl and 0.6 M Sucrose, 5 mM Tris-HCl pH 8, 15 mM CsCl and centrifuged at 100 000g for 90 min (Beckman, SW 41i). The resulting RER pellet was resuspended in small volumes of homogenization buffer. Fractions were then processed for western blot analysis.
Alkaline treatment
Fibroblasts were homogenized as described in 'Protein extraction and glycosylation'. The S1 supernatant was divided into three aliquots and centrifuged at 90 000g for 40 min (Beckman, TLA 45). The resulting microsomal-enriched pellets were resuspended in either 0.25 M sucrose/5 mM TrisHCl pH 7.4/2 mM PMSF, or in the same buffer containing 1% Triton X-100 or in 0.1 M Na 2 CO 3 pH 11.5, respectively. After 30 min incubation at 4 C and centrifugation at 90 000g for 40 min, pellets and supernatants were processed for western blot analysis. Figure 7 . Expression of SEPN1 during myoblast differentiation. Western blot analysis was performed on proteins extracted from fibroblasts (lane 1), proliferating myoblasts (lane 2) and myoblasts cultivated in a fusion medium for 1, 3, 5 or 7 days (lanes 3-6, respectively). Anti-desmin antibodies were used as a specific marker of muscular cells, since this protein is expressed both by the proliferating myoblasts and the differentiated myotubes.
Electrophoresis and western blotting
Subcellular fractions or extracts were subjected to SDS-PAGE and electrophoretically transferred to PVDF membranes (Immobilon-P, Millipore) according to Towbin et al. (20) . Membranes were stained with Ponceau red to determine the blotting efficiency.
Indirect immunofluorescence microscopy
Forty-eight hours after transfection, HeLa cells were fixed and permeabilized in methanol for 5 min at À20 C or fixed in 4% paraformaldehyde and permeabilized in 0.5% Triton X-100/ PBS for 10 min at room temperature. After rinsing in PBS, non-specific binding sites were blocked in 10% goat serum in PBS for 1 h at room temperature. Cells were then incubated for 2 h with the immunopurified polyclonal antibody 143 (1/50 dilution) in the blocking buffer, followed by washing in PBS and incubation for 1 h with mouse monoclonal antibodies against BiP (1/100, SPA-827, Stressgen), or giantin (1/1000, 324450, Calbiochem), or COX4 [1/100, Bakker et al. 
